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FCC-ee plan
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Blondel, Janot; [2106.13885]

Source: CERN

Four key stages

https://arxiv.org/abs/2106.13885
https://home.cern/science/accelerators/future-circular-collider


Previous analyses
Z, W-pole expected to probe new 
physics up to  TeV  𝒪(10 − 100)
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Current and projected errors for Z-pole observables, adapted 
from Allwicher, Cornella, Isidori, Stefanek; [2311.00020]

Current and projected errors for W-pole and τ 
observables, adapted from Allwicher, Cornella, 

Isidori, Stefanek; [2311.00020]

https://arxiv.org/abs/2311.00020
https://arxiv.org/abs/2311.00020


This talk
• Our focus:  observables above the Z-pole


• Interpret using dim-6 SMEFT 4F operators


• FCC-ee impact on a specific NP model

e+e− → ff̄
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Four fermion observables
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<latexit sha1_base64="vnnAPVvck+c+bjbUzZ0zzeZ3d7s="></latexit>

Rb =
ω(e+e→ → bb̄)∑

q=u,d,s,c,b ω(e
+e→ → qq̄)

<latexit sha1_base64="9fZI9b3zlRxrnVQkD2OXRGrCBuI="></latexit>
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Case study: Rb

• Only two flavors 


• FCC-ee ROC curves from DeepJetTransformer 

• Take , consider WW run 

•  (almost naive stat. limit )

b, j

δϵ ≃ 0.01

ΔRb/Rb ≃ 2 ⋅ 10−4 1/ NtotRb
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Bottom tagging (Blekman, Canelli et al; [2406.08590])
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N(nb = 2) →N2 = Ntot[(ω
b
b)

2Rb + (ωbj)
2Rj ] ,

N(nb = 1) →N1 = 2Ntot[ω
b
b(1↑ ωbb)Rb + ωbj(1↑ ωbj)Rj ] ,

N(nb = 0) →N0 = Ntot[(1↑ ωbb)
2Rb + (1↑ ωbj)

2Rj ]

LEP EW WG [1302.3415]
LEP-II: ΔRb/Rb ∼ 10−2

https://arxiv.org/pdf/2406.08590
https://arxiv.org/abs/1302.3415


Full fit
• We extend our fit to consider 

 simultaneously


• Small correlations between , for 
WW:

Ra, Rt, Rℓ

Ra
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Projected errors for our beyond the Z-pole observables

<latexit sha1_base64="NwL8SXUQKs/83Mr61Zzyb8Cprtc="></latexit>

ω =




1 →0.006 →0.22

→0.006 1 →0.006
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-tagging has room for improvements
 improvement over LEP-II!𝒪(102)  statistically limited


 limited by systematics

Rt, Rμ, Rτ

Re



SMEFT interpretation
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• Extend SM with higher-dimensional operators


• Set , turn on one at a time, gives lower 
bound on 


• Increasing s: lower precision on 


• But error scales with energy 

ci = 1
Λi

Ra, Rℓ

ΔRa/Ra ∼ s/Λ2

e+

e− q, ℓ

q̄, ℓ̄

e+

e−q, ℓ

q̄, ℓ̄

Z

<latexit sha1_base64="tu8aWAwIUIxMflh/WjyDk8G2Xq0="></latexit>
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<latexit sha1_base64="/pNL2zBTf5mpTPjEoFe1akfqk40="></latexit>

!qe,3311 = {17.8, 17.4, 16.5}TeV
WW ZH tt̄

Combine runs to 
get lower bound 
at 95% CL

11xx  & 
 operators

2q2ℓ
4ℓ



Semileptonic
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• LEP-II bounds from  
ratios


• LHC & HL-LHC bounds 
from high-  Drell-Yan


• FCC-ee Z-pole bounds 
from one-loop RGE  
(  or gauge)

Ra

pT

∝ y2
t

FCC-ee will 
improve by an 
order of magnitude!



Semileptonic
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• Cs bounds from 
atomic parity violation


• LHC & HL-LHC 
bounds from high-  
Drell-Yan


• FCC-ee Z-pole 
bounds from one-loop 
RGE (  or gauge)

pT

∝ y2
t

Tree-level bounds for the semileptonic operators (95% CL)

FCC-ee will only 
provide comparable 
bounds to HL-LHC 
above the Z-pole



Fully leptonic
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LEP-II

FCC-ee: Z, W -pole, ø

FCC-ee: R` above Z-pole

Tree-level bounds for the fully leptonic operators (95% CL)

• LEP-II bounds from  
ratios


• FCC-ee Z-pole bounds 
from one-loop RGE 
(  or gauge)

Rℓ

∝ y2
t

FCC-ee will 
improve by an 
order of magnitude!

Extra strong bounds for  
because it contributes to  at 
tree-level through muon decay

Λ[1221]
ℓℓ

GF



Production asymmetries

• Forward-backward asymmetry complements leptonic ratios


• Assuming only stat. error 


• Exp. study needed to determine the validity of this assumption
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<latexit sha1_base64="ZMXJe9N1LJMsJOInKnfaCcpWI1k="></latexit>

Aω =
ωF (e+e→ → ε+ε→)↑ ωB(e+e→ → ε+ε→)

ωF (e+e→ → ε+ε→) + ωB(e+e→ → ε+ε→)
<latexit sha1_base64="fEqW65M34HNSUY7nL3x4COwkzIg="></latexit>

!Aω/Aω = {3.3, 8.8, 27}→ 10→4

WW ZH tt̄

LEP-II: ΔAℓ /Aℓ ∼ 10−2

x = 2,3



Oblique corrections
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<latexit sha1_base64="7xkJgqZqTfWAL0eDUoSrTTPlZoo="></latexit>

LSMEFT → ↑ Ŵ

4m2
W

(DωW
a
µε)

2 ↑ Ŷ

4m2
W

(ωωBµε)
2

• Z, W-pole observables: Higgs-fermion 
current operators at TL


•  above the pole: flavor-conserving 
universal 4F operators at TL
Ra, Rℓ



Z’ model
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• Consider a model with 


•  anomalies


•  mixing


•  at LEP-II

Z′ μ ∼ (1, 1, 0)

b → sℓℓ

Bs

Rb

<latexit sha1_base64="B5RXV9hvbmBulNj2hDJmPMopbrw="></latexit>

L → gij q̄iωµqjZ
→µ + gω(ε̄εωµεε + ēεωµeε)Z

→µ
rsb = gsb/M

rℓ = gℓ/M
Z’ mass

bound on rℓrsb

bound on rsb

bound on rℓ



Z’ results
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• Hadronic ratios at FCC-ee: 
partial probe of parameter 
space


• Leptonic ratios at FCC-ee: 
complete probe of parameter 
space

Darker and lighter shades indicate 1  and 2  respectivelyσ σ



Conclusions

• FCC-ee can deliver  improvement of LEP-II results for  


• Hadronic ratios above the Z-pole at FCC-ee will probe non-universal 4F 
operators up to  TeV!


•  at TL provides complementary results to 1-loop results for Z, W-pole 
EWPO


• For the considered Z’ model, FCC-ee can exclude it definitely

𝒪(102) Ra, Rℓ

𝒪(40)

Ra, Rℓ
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Thank you for your attention!
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Backup slides



RG effects

• At one-loop, four-quark operators will 
contribute, as well as semileptonic 
and leptonic operators with indices 
other than 11xx


• We focus on the indices = 3333 
which are currently the least 
constrained operators
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One-loop bounds at and above the Z-pole (95% CL)



Flavor violating
• Now consider 


• Focus only on  bin


• Only competitive bounds for SMEFT operators with a RH 
up-type quark


• Meson decays provide superior bounds for bs and bd

e+e− → qiq̄j

Nij
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Bounds on the FV hadronic ratios at 95% 
CL

Bounds on FV 4F SMEFT operators at 95% CL


